We examined the relationship between a brief cognitive screening measure and Framingham Coronary and Stroke Risk scores. We administered the Montreal Cognitive Assessment (MoCA) to participants in the Dallas Heart Study, a community-based multiethnic study investigating the development of atherosclerosis. The composition of the group was 50% African American, 36% Caucasian and 14% Hispanic. There were 765 subjects (mean age 51 years) who had both Coronary and Stroke Risk scores and an additional 144 subjects with only Coronary Risk scores available. There was a small significant inverse relationship between MoCA and Framingham Coronary and Stroke Risk scores. MoCA scores were influenced by education, but were not influenced by age or by the presence of one or more apoE4 alleles.
INTRODUCTION
Because of the strong evidence for a relationship between cardiovascular risk factors and cognitive compromise [1] , the authors were asked to provide a brief measure of psychological function for the Dallas Heart Study (DHS), a population-based study of the development of atherosclerosis. Earlier studies of the relationship between environmental and biological factors and cognition in large population-based studies of elders have produced some positive findings [2, 3] . Specifically, hypertension in late life has been associated with cognitive decline [4, 5] and thought possibly due to damaged brain vasculature. Additionally, increased total cholesterol has also been associated [6, 7] and thought to be due to brain lipid dysregulation, although it is not always shown [8] . Most studies of Type 2 diabetes have found a positive association between impaired glucose metabolism and dementia [9, 10] . Taken together, metabolic syndrome with and without markers of inflammation have been associated with cognitive decline [11] .
To facilitate participation, DHS subjects were seen in a single day that included a variety of biological measures. Because of the heavy schedule, DHS investigators required that our cognitive instrument be brief (15 minutes or less). We reviewed brief instruments, including the Short Portable Mental Status Questionnaire [12] , the Mini-mental State Examination [13] and the Montreal Cognitive Assessment (MoCA) [14] . We chose the MoCA, a popular instrument for detecting mild cognitive impairment and dementia in clinical settings, because of its greater sensitivity to memory and its inclusion of items reflecting executive function [15, 16] . We hypothesized that MoCA scores would be related inversely to Framingham Risk scores for coronary artery disease [17] and stroke [18] , to older age and the presence of one or more apolipoprotein E4 (apoE4) alleles and would correlate directly with years of education.
We Framingham Coronary Risk and Stroke Risk scores were calculated from DHS-1 data. The Coronary Risk score is based on a formula including age, total cholesterol, cigarette smoking, high-density lipoprotein (HDL) concentration, and systolic blood pressure (see Table 1 ). Scores for men range from -10 to 37; for women, from -8 to 44. When employed in an algorithm, these scores indicate the likelihood (as a percent risk) of a coronary event occurring within 10 years [20] . For this reason, we modified Coronary Risk scoring by converting negative scores to zero to create a continuous variable that could be compared with cognitive test scores.
Ten-year Framingham Stroke Risk scoring differs from Coronary Risk scoring in that it does not consider total or HDL cholesterol but does include diabetes, history of heart disease, atrial fibrillation, and left ventricular hypertrophy (LVH) (see Table 1 ). Scores range from zero to 48 points in men and 2 to 48 points in women. These scores indicate the likelihood (as a percent) of a cerebrovascular event occurring within 10 years [18] . For this study, we used the raw score for the Stroke Risk scale to create a continuous variable that could be compared with cognitive test scores.
The MoCA is a 30-point, 10 -15 minute cognitive test that has been used primarily to detect mild cognitive impairment and dementia in clinical populations [15, 16] . The MoCA samples a wide range of cognitive abilities, including orientation, attention, language, verbal memory, praxis, and mental flexibility. Existing norms are based on a Canadian sample (N = 90) with a mean age in the mid 70s and mean education of approximately 12 years. Although less is known about its psychometric properties, the MoCA has a potential advantage over other brief cognitive screening tests such as the 30-item Mini-Mental State Examination (MMSE) [13] and the 10-item Short Portable Mental Status Questionnaire (SPMSQ) [12] because of its greater sensitivity to more subtle cognitive impairment [14, 21] .
Inclusion criteria: We included all subjects in the DHS-1 database fluent in English who had both Framingham Coronary and Stroke Risk scores and MoCA testing at the time of DHS-2.
Exclusion criteria: We excluded subjects with incomplete Coronary and Stroke Risk scores or with a history of stroke or incomplete MoCA testing. All subjects in DHS-1 and DHS-2 studies signed informed consent documents approved by the UT Southwestern IRB. Statistical methods: For categorical variables, frequencies, percentages, and 95% Confidence Intervals (95%CI) were calculated. For continuous measures, means and standard deviations (mean ± standard deviations) were calculated. The association between the continuous measures was examined using the Pearson Product Moment correlation and partial correlation coefficients. Two sets of multiple regression models predicting MoCA Total Scores from either Coronary Risk or Stroke Risk and included the covariates education and gender; gender was found to be non-significant in all models and was excluded from further modeling. Eight multiple regression models (four for each type of risk score) predicting MoCA Scores were fit to components of Coronary Risk and Stroke Risk scores individually. The unadjusted models included the components of each risk score and the adjusted models included education and gender in addition to the components of the risk score. For both types of models (adjusted and unadjusted), all components were included in a model (full model) followed by a stepwise procedure (p to enter and leave set at 0.05). Regression weights, 95% confidence intervals (95% CI), and R are reported for each model. No violations of the assumptions were found for any of the statistical tests performed. SPSS V18 was used in all analyses and the level of significance was set at p < 0.05.
RESULTS
Educational level ranged from 0 (no formal schooling) to 20 years, with a mean of 12.3 ± 2.3 years. Age ranged from 18 to 65 years at the time of the first DHS-1 visit. MoCA scores ranged from 7 to 30 points and were available in 968 subjects; 952 of those also had Framingham Coronary Risk data available and 808 of these same subjects had Stroke Risk scores. The 23 subjects whose ethnicity was indicated as "Other" and the 20 subjects with a history of stroke were dropped from the analysis, leaving a total of 909 subjects with Coronary Risk scores and 765 of these same subjects with Stroke Risk scores. The ethnic composition of this sample was 49.9% African American, 36.1% Caucasian, and 14.0% Hispanic; 42% were men ( Table 2 ). There were 16 subjects who completed the MoCA in Spanish, however, removing these 16 subjects from analyses did not affect results. The distribution of E4 alleles was 27.6% for one allele and 4.2% for two alleles, with an overall E4 allele frequency of 18.1%.
For the group as a whole, there was a small but sig- Table 3 shows the multiple regression models used to predict MoCA scores from the components for Coronary and Stroke Risk Scores. When examining components of the Coronary Risk, score, age and systolic blood pressure were significant in the unadjusted full model while education and gender were significant in addition to age and systolic BP in the adjusted full model. The unadjusted stepwise model again resulted in both age and systolic BP found to be significant; however, only age and education were found significant in the adjusted stepwise model.
Of the 909 subjects with Coronary Risk scores, 765 also had Stroke Risk scores for comparison with MoCA scores. The ethnicity, gender, age and apoE4 allele distribution (allele frequency = 18.5%) of this group was essentially the same as the Coronary Risk group (see Table 2 ). For the group as a whole, there was again a significant correlation between MoCA and Stroke Risk scores [r(763) = -0.215, p < 0.001]. On examining components of the Stroke Risk score, age, systolic blood pressure (BP), and left ventricular hypertrophy (LVH) were found to be significant in the unadjusted full model while systolic BP, LVH and education were found to be significant in the adjusted full model. The unadjusted stepwise model again resulted in age, systolic BP, and LVH found to be significant; however, only age, LVH and education were found significant in the adjusted stepwise model.
Controlling for the effect of education on MoCA scores, the partial correlation between MoCA scores and Framingham Coronary Risk and Stroke Risk scores was r(905) = -0.205 (p < 0.001 and r(761) = -0.157 (p < 0.001) respectively. Thus, after adjusting for education, a 1-point increase in Coronary Risk score was associated with a 0.138-point drop in MoCA score while a 1-point In order to further explore the potential role of age, the above analyses were repeated using data from the subset of 493 subjects aged 50 years or older in the Coronary Risk group and 413 subjects in the Stroke Risk group (mean age ± standard deviation = 58.66 ± 5.97 years for the Coronary Risk group and 58.52 ± 5.97 years for the Stroke Risk group). There was a very small significant correlation between MoCA scores and Coro- There were no significant differences in MoCA scores, Coronary Risk scores, or Stroke Risk scores for subjects with or without apoE4 alleles (p = 0.110, p = 0.312, and p = 0.874, respectively) in the entire cohort or among subjects age 50 + (p = 0.103, p = 0.623, and p = 0.526, respectively). Also, there were no significant differences between men and women in the relationship between MoCA and Coronary or Stroke Risk scores when examined for the entire sample or the older group (data not shown).
DISCUSSION
The uniqueness of our study is that it examines vascular risk factors in a population-based sample that includes 50% African Americans. It is possible that the risk factors we examined were not sufficiently sensitive to detect and quantify the effects of subclinical atherosclerosis. We have now begun exploring the relationship between more direct biological measures of atherosclerosis including the concentration of atherosclerosis-related inflammatory substances such as CRP and direct measures of atherosclerosis such as coronary artery calcium.
Our cognitive measure, the MoCA, was designed to be used in clinical settings in which there is great variation in cognitive function [22] . It has been suggested that, as a screening tool, it may have limited value in populations where prevalence of mild cognitive impairment is low [23] . However, the range of MoCA scores in this study was 7-30 (mean ± standard deviation = 23.38 ± 4). Other investigators have found more robust relationships between cardiovascular disease and cognitive function using more detailed neurocognitive measures [24, 25] and also with very crude measures. For example, one study found that SPMSQ scores were lower in the presence of apoE4 [26] . These subjects had lower initial SPMSQ scores, and there was increased disparity between E4 carriers and non-E4 carriers over a period of 4 years.
We found that the influence of Coronary or Stroke Risk scores on MoCA scores did not increase with age. Because the mean age of this study population was relatively young, it may be that the impact of coronary and stroke risk factors are limited at this age, indicating such patients either need continued follow up at a later time or more sensitive tests early on. We also did not find the negative effect of the apoE4 allele on cognition found in the another study [27] or in a meta-analysis of 77 studies in which apoE4 carriers performed more poorly on tests of global cognitive function, and the disparity between E4 and non-E4 carriers increased with age [28] .
One study found significant interactions between the presence of E4 and verbal memory, verbal organization, nonverbal memory, set shifting and complex attention in a community-based group of subjects with an average age of 61 years, but systolic blood pressure was the only individual risk factor significantly related to these cognitive measures [25] . Because of the disparity of our findings from those of others in the literature, we reviewed data from non-demented older adults persons followed yearly at the UT Southwestern Alzheimer's Disease Center (ADC). We examined MMSE data from all 219 subjects who had both MMSE scores and apoE4 allele determination, of whom 81 (40%) had one or more apoE4 alleles. We found no significant difference in MMSE scores in non-demented subjects with or without an apoE4 allele.
Our findings concerning the impact of coronary and stroke risk factors and E4 on cognition may be related to differences in the populations studied and in the psychological measure employed. Both our "young" (mean age = 51 years) and our "old" (mean age = 58 years) cohorts were relatively young in relation to the sample examined by Haan et al. [29] and the more recent meta-analytic study [28] . The relationship of apoE4 to cognition in other studies may be partially explainable by the possible inclusion in older populations of persons with incipient Alzheimer disease [30] , which is less likely in our DHS sample. Another study, which examined the relationship of the apoE4 allele to MMSE scores in persons 659 persons followed over 22 years in a large community-based study, found no relationship between apoE4 status and MMSE scores, but there was a significant difference in delayed recall in persons < 65 years of age [31] . They suggested survival bias as an explanation of the difference in apoE 4 influence on cognition.
Other studies have suggested that vascular disease influences performance on cognitive tasks associated with frontal lobe function more than those associated with other cortical areas [24] . The MoCA contains few items relating to this cognitive domain, and score ranges for those items are limited. Supporting this explanation is the finding that a delayed recall test was more sensitive than the MMSE in detecting cognitive decline in elders [31] . We plan to re-test a subgroup of DHS-2 subjects with additional brief measures that may increase sensitivity to executive and memory function and we will also follow them prospectively to examine the rate of cognitive change.
Although the MoCA samples many of the same cognitive areas than less sensitive instruments, several less sensitive instruments have shown stronger correlations of global cognitive function with cardiovascular risk factors, including age and apoE status. Our failure to find correlations of similar strength may be attributable to some limitation of the MoCA, the relative youth of the population we studied or differences between persons with presymptomatic and symptomatic cardiovascular disease.
